High-voltage (15-30 kV) field emission scanning electron microscopy (FESEM) was used to evaluate the &ects of gold particle size and protein concentration on the formation of protein-gold complexes. Six colloidal gold sols were prepared, ranging in diameter from 7.6 to 39.8 nm. The " a l protecting amounts (m.p.a.) of protein A and goat anti-rabbit antibody (GAR) were Srpedmenmlly determined. Gold particles were conjugated at the m.p.a., one half the m.p.a., and ten times the m.p.a. for both proteins, and protein-gold complexes prepared for FESEM. The smallest colloidal gold particles required the most protein per milliliter of gold suspension for stabilization. Transmission electron microscopy was found to be the preferred method for accurate sizing of gold particles, whereas FESEM of protein-gold complexes permitted visualization of a protein halo around a ~~~~ ~~ ~ ~~ ' Supported by Networks of Centres of Excellence: Canadian Genetic Diseases Network. M5S 1A8.
Introduction
Colloidal gold was first introduced as an immunomarker for transmission electron microscopy (TEM) by Faulk and Taylor in 1971 (13) and was subsequently adapted to the scanning electron microscope (SEM) by Horisberger et al. (27) . Colloidal gold conjugates have been used extensively in both TEM and SEM for the localization of intracellular components and surface antigens. Proteins conjugated to gold particles have included enzymes (2, 5, 20) , lectins (26, 28) and, for immunolabeling of cellular antigens, protein A (6, 19, 36) , as well as various secondary antibodies (17, 20, 21) . Comprehensive reviews of preparation techniques and their applications can be found in reviews by Stirling (40) and Beesley (3) .
The advantages of using a protein-gold labeling system are numerous. Colloidal gold particles are distinct, spherical, elecuondense markers that are easily prepared as monodisperse suspensions (10, 22, 39) . Proteins are generally believed to adsorb to these gold particles in a non-covalent, electrostatic manner to form stable complexes. Optimal adsorption of proteins occurs when the pH of the colloidal gold solution is adjusted close to or slightly above the isoelectric point of the protein (17, 23, 41) , which is attributed to an enhanced nonspecific hydrophobic interaction between the negatively charged gold particles and the neutral hydrophobic proteins (41). This protein-gold interaction has been studied by various methods including spectrophotometry (11, 41) , radioactively tagged proteins (11, 19) , and electrophoresis (15, 16) . The factors determined to be important in the formation of stable protein-gold complexes include gold particle size (10, 14) , pH of the colloidal gold suspension (17, 19, 34) , amount of protein adsorbed onto gold particles (10, 17) , and addition of stabilizers (10, 26, 27) . However, many aspects of the protein-gold interaction still require investigation.
Recent developments in high-resolution SEM have resulted in improved ultrastructural resolution of intracellular organelles, such as tubular cristae of mitochondria (31). The simultaneous development of backscattered electron detectors for SEM has made it possible to confirm inuacellular localization of antigens by immunogold labeling (1) . With the introduction of low-voltage (1-5 kV) field emission SEM, ultra-high resolution of relatively flat, colloidal goldlabeled specimens has been achieved with little beam damage 752 LEA, GROSS (12,38). Moreover, higher voltage (15-30 kV) field emission SEM has made examination of larger samples possible, although the practical limits of resolution remain to be determined.
We used a high-resolution field emission SEM (FESEM) to determine how gold particle size and protein concentration affect protein-gold interactions. Two proteins frequently used in immunogold labeling studies, staphylococcal protein A and the secondary antibody goat anti-rabbit IgG, were conjugated, at various concentrations, to colloidal gold suspensions ranging in particle size from 7.6 nm to 39.8 nm.
Materials and Methods

Colloidal Gold
All glassware used in the preparation of colloidal gold suspensions and protein-gold complexes was thoroughly cleaned and siliconized (20) . Colloidal gold suspensions were prepared, each in a 125-ml batch, by reduction of chloroauric acid (HAuC14) with sodium citrate or with tannic acid plus sodium citrate, following the methods of De Mey (10). The 39.8-nm and 21.3-nm gold suspensions were prepared by adding 1.25 ml of 1% HAuC14 (in distilled water) to 125 ml of boiling distilled water, immediately followed by the rapid addition of 1.45 ml and 3.85 ml of 1% sodium citrate (in distilled water), respectively. The suspensions were allowed to reflux for 15 min. To prepare 14.2-nm gold particles, 7.5 ml of 1% sodium citrate was first added to 125 ml of boiling distilled water and allowed to reflux for 5 min. This was followed by the addition of 1.25 ml of 1% HAuC14 and the suspension was refluxed for another 15 min. For the remaining gold suspensions, 100 ml of 0.01% HAuC4 were first brought to a boil in an Erlenmeyer flask covered with a glass petri dish. Then, either 2.0 ml of 1% sodium citrate, 2.0 ml of 1% sodium citrate plus 0.6 ml of 1% tannic acid (in distilled water), or 2.0 ml of 1% sodium citrate plus 1.0 ml of 1% tannic acid were added to produce gold suspensions with mean particle diameters of 28.4 nm, 9.6 nm, and 7.6 nm, respectively . Each suspension was allowed to boil, covered, for another 5 min. Gold sols were cooled. filter-sterilized (Millipore, Bedford, MA; 0.22 pm) and stored at 4°C for up to 6 months.
To determine gold particle diameters, a drop of each gold sol was placed on a Formvar-coated, carbon-coated 200-mesh nickel grid and allowed to air-dry. Grids were examined in a Hitachi H-7000 transmission electron microscope at accelerating voltages of 50 kV, 75 kV, and 100 kV. Micrographs were recorded at magnifications of 6OK. loOK, and 150K (K = x 1000 magnification). Fifty gold particles were measured for each colloidal gold suspension and the mean and standard deviations calculated.
Protein A-Gold Complexes. Staphylococcal protein A (#P-6650; Sigma, St Louis, MO) was reconstituted to a concentration of 1 mglml with dis-tilled water (pH 7.4), aliquotted, and stored at -20°C. Each gold suspension was adjusted to pH 6.0, a pH value slightly above the isoelectric point of 5.1 for protein A (19,36), using 0.2 N potassium carbonate (K2C03). The minimal amount of protein A required to prevent flocculation of the colloidal gold by excess salt was determined according to the methods of De Roe et al (11) . Briefly, serial dilutions of protein A were mixed with 1 ml of the gold particle suspension for 2 min. followed by addition of excess NaCI. After 5 min the minimal protecting amount (m.p.a.) was determined visually to be the lowest protein concentration that did not cause a color change from red to blue (Table 1 ). To confirm visual observations, the absorbance of each sample was measured using a Brinkmann PC-800 colorimeter (4-mm light path; Brinkmann, Rexdale, Ontario, Canada).
Protein A-gold complexes were prepared by adding the determined m.p.a., one half times the m.p.a., or ten times the m.p.a. of protein A to 10 ml of rapidly stirring colloidal gold (pH 6.0). After 2 min, 0.5 ml of 1% polyethylene glycol (PEG MW 20,000, in distilled water) was added, followed by 1.1 ml of 10% bovine serum albumin (BSA; Sigma #A-7888, in distilled water), to help stabilize the gold particles (26) . The suspension was stirred for an additional 2 min, transferred to 1.5 ml centrifuge tubes, and centrifuged (Biofuge 17R, 4'C; see Table 1 ) to remove unbound molecules. Approximately 95% of the supernatant was discarded and the pellets were re-suspended, pooled, and the volume brought to 3 ml using %is buffer (20 mM Eis, 150 mM NaCI, 1% BSA, 0.05% PEG, pH 8.2). The protein A-gold complex was filter-sterilized (Millipore, 0.22 pm) and stored at 4°C until prepared for FESEM.
Goat Anti-rabbit-Gold Complexes. Polyclonal, affinity-purified goat anti-rabbit IgG (GAR, 2.8 mg/ml; Jackson ImmunoResearch. Philadelphia, PA) was desalted (17) by centrifugation in a Millipore UFMC filter unit (10,000 NMWL, 3000 x g, 4". twice for 30 min). Concentrated antibody trapped in the top chamber was re-suspended in the original volume of distilled water, aliquotted, and stored at -20°C.
Since GAR is a polyclonal antibody, the isoelectric point ranged from 6.0-8.0 (Jackson ImmunoResearch). Therefore, each gold suspension was adjusted to pH 8.0, a pH value at the basic end of the range of isoelectric points, using 0.2 N K2CO3 (18). The m.p.a. of GAR was then determined as for protein A (see Table 1 ). GAR-gold was prepared by adding the m.p.a., one half times the m.p.a., or ten times the m.p.a. of GAR to 10 ml of rapidly stirring colloidal gold at pH 8. After being stirred for 2 min. the suspension was immediately centrifuged (Eble 1). the supernatant discarded, and pellets re-suspended in PBS containing 0.05% Tween 80 and 0.05% PEG, adjusted to pH 8.0, to a final volume of 3 ml. The GAR-gold was filter-sterilized and stored at 4'C until prepared for FESEM.
Electron Microscopy
Protein-gold samples were prepared for FESEM by placing a 20-pl drop on a smooth carbon foil (#c-O00210; Goodfellow, Cambridge, UK). After (30) . Control specimens were prepared by allowing a 2O-pl drop of unconjugated colloidal gold suspension to air-dry on the carbon foil substrate. Carbon substrates were mounted on aluminum stubs with conductive carbon paint, and specimens were coated with a thin layer of carbon, arcevaporated at 6.65 x 10'' kPa (Edwards carbon evaporator, Pirani/Penning Model 4). The carbon film had a mass density equivalent to 20-25 A thickness (Balzers quartz crystal thin film monitor QSG 201). Specimens were examined in the secondary electron imaging (SEI) mode of a Hitachi S-4000 FESEM at accelerating voltages of 10, 15, 20, and 25 kV and at a beam current of 8 pA. Since the apparent sizes of gold particles were affected by variations in FESEM parameters (see Results), all samples were examined using similar parameters: IO-" working distance, condenser set for optimal specimen irradiation current Amp), objective lens aperture 30 pm, accelerating voltage 20 kV. To obtain consistent results, the microscope parameters were adjusted to obtain an optimal signallnoise ratio at a resolution sufficient to clearly image the specimen. Under these conditions, the beam diameter is considered to be smaller than the resolved specimen. Micrographs of representative protein-gold complexes were recorded on Polaroid 5 5 positivehegative film at magnifications of llOK, 15OK. and 180K.
Quantification
For every gold suspension and for every protein concentration, a single conjugation of protein A-gold and GAR-gold was prepared. For each protein-gold sample, 50 random protein-gold complexes were measured. Diameters of a gold-protein complex, the gold particle only. and the width of the protein halo were measured from the micrographs with a measuring eyepiece and were converted to nanometers. To compensate for variations in protein halo width, measurements were made at the widest and thinnest points of the complex and averaged. Means and standard deviations were calculated. The statistical significance of differences between sample means was tested using a two-tailed large-sample statistical test withp<0.05 (33) . All protein A sample means were compared with all other calculated protein A values to determine statistically significant differences. GAR measurements were similarly evaluated. In addition, all protein A values were compared with the corresponding GAR values.
Results
Colloidal gold particles of relatively small diameters (9.6-21.3 nm) appeared to be almost uniform in size (Eble 1). However, for largersized particles (28.4 nm and 39.8 nm) , the standard deviations increased substantially as the gold colloids became less homogeneous, consistent with earlier reports (22) . It is noteworthy that the tannic acid-sodium citrate preparation method for 7.6-nm colloidal gold resulted in larger standard deviations than did the sodium citrate method for production of 14.2 nm and 21.3 nm particles. In fact, the tannic acid-sodium citrate method appeared to produce two populations of gold particles, with approximate diameters of 6 nm and 9 nm. The calculated diameters of colloidal gold particles remained virtually constant at different accelerating voltages and magnifications in the TEM.
The smallest gold particles (7.6 nm) required the most protein per milliliter of gold suspension for stabilization in the presence of salt. The minimal protecting amount (m.p.a.) ofprotein decreased from 8 pg to 4 pg and from 7 pg to 2 pg as the gold particle diameter increased (Eble 1). Calculations of the number of gold particles suspended in 1 ml showed a thousandfold decrease in the number of gold particles in the 39.8-nm suspension as compared with the 7.6-nm gold suspension (refer to Table 1 ). This decrease in particle number and the concomitant decrease in total particle surface area available for protein binding would explain the reduction in the amount of protein required to stabilize 1 ml of the 39.8nm gold particle suspension.
Field Emission Scanning Electron Microscopy (FESEM)
Colloidal gold particles examined by FESEM typically appeared smaller than in TEM, measuring approximately 66-84% of their TEM size. When magnification in the FESEM was increased, gold particle sizes did not increase in proportion to magnification. The gold particles actually appeared smaller, averaging only 7696, 72%, and 67% of their corresponding TEM diameters, at magnifications of llOK, l5OK and 180K. respectively (n = 22). Small gold particles viewed in FESEM at 1lOK magnification matched their TEM size more closely, e.g., 14.2-nm gold particles were measured by FESEM to be 84% of their TEM size, whereas 39.8-nm gold particles measured only 69% of their TEM size. Changes in accelerating voltage under otherwise identical conditions also affected the measured size of gold particles in FESEM. Gold particles (21.3 and 28.4 nm) appeared largest at 20 kV, and their apparent size decreased at both higher and lower accelerating voltages. Consequently, all remaining measurements were made using identical FESEM parameters, including a 10-mm working distance and an accelerating voltage of 20 kV (see Materials and Methods). The unconjugated gold particles were observed as bright, spherical objects on a textured carbon background (Figure 1 ). There was no evidence of an associated or surrounding layer. When protein-gold complexes were examined by FESEM, the adsorbed protein coat could be observed as a distinct halo surrounding a bright, spherical gold core, resulting in a "fried egg" appearance ( Figure 2 ). Halo images were observed when the specimen was at 0" tilt (Figures 2a-2e ) and also at a 45" tilt angle ( Figure  2f ). Protein halos were clearly visible around gold particles of all sizes and for various concentrations of protein A and GAR. The protein coat usually appeared spherical, but hexagonal halos (Figure 2d ) and oval or uneven halos (Figures 2b and 2e) were also observed. Variations in halo shape occurred to a similar extent in all samples examined, regardless of gold particle size or the type and amount of protein used.
In contrast to colloidal gold particles, calculated sizes of protein halos did not change significantly when microscope conditions, such as accelerating voltage and magnification, were changed. However, the protein halos around the smaller gold particles of 7.6 nm and 9.6 nm could only be sufficiently resolved for measurement at a magnification of 180K. Resolution of the 7.6-nm gold-protein complex approached the limits of reliable measurement (Figure 2c ).
754
LEA, GROSS
Conjugation of Protein A to Colloidal Gold
When the minimal protecting amount (m.p.a.) of protein A was conjugated to colloidal gold, the width of protein halos varied significantly with changes in gold particle size (Figure 3 ). The protein A halo appeared widest around the 21.3-nm colloidal gold particles, measuring 8.4 * 1.3 nm. This protein layer decreased in width for both larger and smaller gold particles, measuring only 5.0 * 0.9 nm around 9.6-nm gold particles.
Conjugation of ten times the m.p.a. resulted in protein A halos that were significantly thinner than those observed when using the m.p.a., regardless of gold particle size (Figure 3) . A decrease was also observed when one half times the m.p.a. was conjugated to colloidal gold. For example, the protein A halo around the 21.3nm gold particles measured only 6.5 k1.0 nm and 6.1 f 1.0 nm for ten times m.p.a. and one half times m.p.a. conjugation conditions, respectively. Irrespective of the amount of protein conjugated to the gold, the width of the protein A halos varied significantly with changes in gold particle size.
Conjugation of Goat Anti-rabbit to Colloidal Gold
When minimal protecting amounts of the goat anti-rabbit antibody were conjugated to colloidal gold, halo width varied significantly with changes in gold particle size (Figure 4) . In contrast to protein A, the widest GAR protein halo was observed on 28.4-nm gold particles. Measuring only 6.8 1.3 nm, this protein layer was significantly thinner than the widest halo observed with protein A conjugation. For smaller gold particles, GAR halos were thinner. However, the 7.6-nm gold particles had a significantly wider protein halo than the 9.6-nm or 14.2-nm particles.
Protein halo width decreased when ten times or one half times the GAR m.p.a. was conjugated to 39.8-nm and 21.3-nm gold par- ticles (Figure 4) . These results are similar to those obtained for protein A conjugation. However, when ten times the m.p.a. was conjugated to 14.2-nm gold particles, the resulting GAR halo was actually larger (5.3 0.9 nm) than that seen under m.p.a. conditions (4.0 * 0.8 nm). In contrast, conjugation of one half times the m.p.a. to 14.2-nm gold particles resulted in a protein halo thinner than that seen under m.p.a. conditions (Figure 4 ).
Both protein A and GAR showed a similar conjugation pattern in that a maximum amount of protein appeared to bind to the gold particles under m.p.a. conditions. This occurred even though protein A-gold complexes had been treated with the stabilizing agents polyethylene glycol (MW 20,000) and bovine serum albumin before centrifugation.
Discussion
Colloidal gold suspensions are easily prepared, by a number of methods, as monodisperse suspensions with particle sizes ranging from 3 nm to 150 nm (4, 10, 14) . Because homogeneity of colloidal gold suspensions is important for the formation of stable complexes (14.24) and in double-labeling experiments (3.21,39) , measurement of gold particles by electron microscopy is recommended. Changes in FESEM accelerating voltage and magnification, however, led to measurement variations, indicating that transmission electron microscopy (TEM) is the preferred method for accurate determination of gold particle diameters. In contrast, kV) FESEM examination of protein-gold complexes resulted in reliable measurements of the protein halos under various imaging conditions, and indicates the feasibility of using this technology in a variety of colloidal gold applications. However, difficulties in imaging conjugated gold particles smaller than about 9 nm demonstrate the necessity for the low accelerating voltage FESEMs. These Gold Particle Diameter (m) Figure 3 . Calculated width of the protein A layers around colloidal gold particles, for conjugation of the minimal protecting amount (m.p.a.), ten times, and one half times this amount. Protein A halo width varies significantly with respect to gold particle size and/or with respect to amount of protein added w0.05). However, samples marked " are not significantly different from each other. Samples marked ** are also not significantly different from each other. Note that the protein A layer was thickest under m.p.a. conjugation conditions. microscopes have permitted the successful resolution, by secondary electron imaging, of 5-nm colloidal gold at 5 kV (37) and of 3-nm gold particles at only 1-2 kV (38) .
Protein A-gold and GAR-gold complexes examined by FESEM appeared as bright, spherical gold cores surrounded by distinct protein halos, but unconjugated control samples clearly lacked a surrounding layer of material. Comparable low-voltage SEM images for fibrinogen-gold complexes have been reported by Simmons and Albrecht (37), and negatively stained "EM preparations have shown a continuous protein monolayer around colloidal gold particles, irregular in thickness and density, when high molecular weight proteins were used (24). Furthermore, electrophoretically homogeneous proteins conjugated to colloidal gold have resulted in complexes that exhibited electrophoretic heterogeneity (15). This supports our observation of uneven protein layers around gold particles and implies that variable amounts of protein may be found on different gold particles of the same suspension.
Measurements of the protein A halo around colloidal gold particles indicated that the width of the layer actually varied from 3.2 to 8.4 nm and according to gold particle size and amount of protein A added. Previous reports have suggested that protein molecules may curve over the surface of gold particles in "side-on" or Gold Particle Diameter h" Figure 4 . Goat anti-rabbit antibody: calculated width of the protein layen around colloidal gold particles, for conjugation with the minimal protecting amount, ten times and one half times this amount. GAR halo width varies significantly with respect to gold particle size andlor with respect to amount of protein added w0.05). However, samples marked are not significantly different from each other. Samples marked ** are also not significantly different from each other. Note that, with the exception of 14.2-nm colloidal gold, the GAR layer was thickest under m.D.a. conditions. "end-on '' configurations (19,25,37) and that there may be gaps or naked areas on the gold (34). A similar phenomenon may be occurring here. Protein A (MW 42,000) is a single polypeptide chain with a very extended shape (7). When only the effect of changes in gold particle size were considered, the variations in protein layer width were quite large. The size of the colloidal gold particle and its resultant angle of curvature could influence the fit of protein A molecules and their subsequent configuration. The thickest layer ofprotein A was observed on 21.3-nm gold particles, possibly indicating that this gold size, together with the shape of the protein A molecule, may be conducive to an "end-on" binding configuration. Alternatively, larger and smaller gold particles may bind protein A in an intermediate or "side-on'' configuration. Conjugation of ten times the m.p.a. of protein A to colloidal gold actually produced a thinner protein halo for all gold particle sizes studied. However, when proteins radiolabeled with '*'I have been used, the number of protein molecules per gold particle was reported to increase with gold particle size and as protein concentration increased, without saturation (11, 19, 25, 41) . These radiolabeling studies entailed indirect measurement of radioactivity remaining in a sample and Scatchard plot analysis, a technique known to give larger values (U), whereas the results presented here employed direct measurement of scanning electron micrographs. Furthermore, Ghitescu and Bendayan (19) have shown that low concentrations of protein A bound to colloidal gold with high affinity, but that at higher concentrations adsorption occurred with a significantly lower affinity, and dissociation of protein A from gold particles increased dramatically (25, 34) .
The result that conjugation of one half times the m.p.a. of protein A produced significantly thinner protein halos is consistent with less protein being available for adsorption. Owing to an insufficiency of protein, these conjugates are not stable and gradually flocculate out of suspension in the presence of salt. Nevertheless, it has been suggested that these complexes may be useful in immunolabeling experiments, since they are more uniform in terms of electrophoretic mobility (15).
Conjugation of goat anti-rabbit IgG to colloidal gold resulted in complexes similar to those observed with protein A conjugation. The polyclonal antibody had a range of isoelectric points, and the pH of the colloidal gold was therefore adjusted to the basic end of the range (pH 8.0) before conjugation. However, the different isoelectric species, present in variable concentrations, may adsorb in several different conformations (16). This could result in a less efficient adsorption and hence a smaller halo than with protein A, which had a single isoelectric point of 5.1. The smaller protein halos measured for GAR conjugation under m.p.a. conjugation conditions may also be explained by differences in molecular size. The Y-shaped IgG molecules are approximately 6-7 nm in diameter and 18-21 nm in length (35,37), and more antibody molecules are estimated to bind to gold particles of a given size than do protein A molecules (24). The results for m.p.a. conjugation of GAR indicate that the protein appears to bind in a monolayer with a "side-on'' orientation, as previously reported by Simmons and Albrecht (37) .
The addition of stabilizing agents to block any remaining adsorption sites (10,32,34) may also affect the thickness of the protein layer observed around colloidal gold particles. Bovine serum albumin (BSA) is an efficient stabilizer for small gold particles but may increase nonspecific labeling (10, 26, 36) and can cause the release of as much as 33 % of the adsorbed protein A molecules from colloidal gold (19). Polyethylene glycol (PEG MW 20,000) is a more widely recommended stabilizer, since PEG-containing probes appear to be more stable, with less protein dissociation from gold particles (10,23,26,27,41 ). Both stabilizers are used frequently in the preparation of protein-gold complexes, and therefore both BSA and PEG were added to the protein A-gold complexes before centrifugation and to the storage buffer. In contrast, no stabilizing agents were used in the initial preparation steps and centrifugation of GAR-gold, although some PEG was added to the final storage buffer. The lack of BSA and the lower concentration of PEG in the GAR-gold may also account for the thinner halos observed on these complexes when compared with protein A-gold conjugates.
For both protein A and GAR, conjugation of ten times the m.p.a. resulted in thinner protein halos around large gold particles. In contrast, 14.2-nm gold particles actually had a thicker GAR layer than with m.p.a. conjugation. It has been-shown that different proteins have different binding affinities for colloidal gold (34). The GAR antibody may have a stronger, more constant affinity for gold particles than protein A, which might be observed as a thicker protein halo. This is supported by reports of low levels (2-7%) of GAR dissociation from colloidal gold, regardless of the concentration of GAR added (10,16,41) .
It is also possible that protein halo sizes were affected by the ethanol dehydration-critical point-drying (CPD) method of preparation. Shrinkage of samples is known to occur during the CPD process and is directly related to the size of the sample (8,9). However, the extremely small size of our samples facilitated diffusion of ethanol out of the sample. Consecutive flushings of the transitional fluid also reduced the possibility of residual ethanol causing shrmkage arthct (30). Nevertheless, minimal shrinkage of the samples may have occurred and the halo measurements, in nanometers, should be considered on a comparative basis. Similar samples prepared using other drying techniques, such as freeze-drying, would provide a valuable comparison.
For larger gold particles, i.e., >I4 nm, different proteins showed similar adsorption patterns. However, for smaller gold particles, some proteins may in fact act differently. These smaller gold particles need to be further characterized by low-voltage FESEM. Whether the results are indicative of a different molecular orientation of the proteins when adsorbed at m.p.a., as compared to one half or ten times the m.p.a., is not known. We found that the thickest protein halo was obtained by conjugation with the minimal protecting amount of protein, suggesting that the use of excess protein is not necessary. In a previous experiment, GAR-gold conjugates prepared by addition of the m.p.a. were used to show specific labeling of several intracellular ligands in dorsal root sensory neurons (20). Furthermore, human iris melanin granules were specifically labeled with a monoclonal anti-melanin antibody, using rabbit antimouse-gold conjugates, prepared by addition of the m.p.a., as the marker (29) . These studies clearly indicate that antibody-gold complexes retain their biological activity and show good antigen specificity when prepared using only the minimal protecting amount of protein. However, it would be beneficial to compare the biological activities of protein-gold complexes prepared under different conjugation conditions.
